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lulIlillosity  ill tlIe 1 -10  kcV ba,nd of N 1 x 1034(  d/2 kpc)~ erg  s--l at tllc pm and

]) OSt-])CliaStKUl  C:] WC}IS ,  Mld a factor  of ~ 2  sIIlaJlc!l  at, pcriast!ron. ‘1’}1(! x-ray

cI]]issio]]  call  be cllaracixrized  by  power- - ]aw spcc[lra  wit]] a ]Jllotoll  i]ldex  ill  tl]e

rallgc 1.5- 1,9, wit]] evidmlcx:  for spcct,  ra] soflmllillg  at pcriastro]l,  ‘1’llc pllotoclcc-

tric absorptiu], N}l N 5 X  IOzl cm-z, }vas coIIstaIlt  f o r  tlic t,l I NW ol)scrvatioIls

witllill  ll]casurc)l]cnlt  ullcertaiIlt,ies,  a]l(l  is collsislult  w i t h  tllf! galactic  col]tril)Lb

t)ioll.  WC detect  no pulsatiolls , wld derive all uj)pcr  lilllitl  0 1 1  pcriodicitim  CIOSC

to tjllc  1’S1{ 111 259–63  spill period of N 7% of tllc total ol)scrvcd  flux,  collserva-

tivcly assull)irlg  a sil]c-wave profi le .  We argue t}l at accretion  of p;aseous  II]ai,erial

Onto tlic surfdcc  of tlllc  Ileutroll  star is aIl ulllikel J origill for tllc  ol)scrvd X-rays .

‘1’llc c.llalactlc:ristics of Lllc X-ray elllissioll  fro)]] tllc  1’S1{ 111 ‘Z)!)- 63 systclll  arc ill

goo(l agrcullcll{j  with lJ]odcls of Ilol)-tl)m}lml accttlcrdtioll  of relativistic particles

[1’0111  tllc pulsar  willd ill a sllocj{ at 1,11(:  locat ion wllcrc  Lllc pulsar  al]d IIc star wind

prcsslll’cs l)dwlcc. Assunlillg  reasoml)le I]c stal quatorial  outjlow  a]ld pulsar

wind  paIaIIIctcm,  wc filld that l,I)c lIIMS- l o s s  ra{c M  aIId surricc  vcloc.ity Z) are

collstrailld  by tllc  rclatioll 10 ~ (v/10 kill s-l)(Ak/10-8Afcj  yr-”] ~ 1 0 0 .

,$t{b;j(:C/ ht:(L(h~S: PU]S2WS: illdividud:  l}S1{, 11125 !)—63 stars: IIcwtroll  - stars:

il]dividual:  SS2883 -  billarics: cc.lipsillg - sta]s:  cI]lissioI]  line,  11(: - x-lays:

stars

1  IN’1’J?OI)lJCTION

l)S1{ 1 1 1 2 5 9 - - - 6 3  i s  a 47 lIIS radio  pulsar  discwvcrcd  by ,101111 s1011 cl (Ll, (1 9921)) in a

survcry of t,llc sout,l Icrl I gda,ctic,  plmlc for Iadio  lJuls2u3 (Jolllistoll c1 fll, 1992a).  ‘1’lle pu l sa r ’ s

astrollldric  al](l spill paralllctcls,  as dctcrlllilld  by ra.(lio  tiI)liIlg  ol)scrvatiorls  (,lol II Ist,oII  et

(11, 1 994) arc givcll ill ‘1’able  1, ‘1’lle snort pulse  period  suggests tlllat  tile  pulsar  is either

you]Ig  like tlIc Cral) p u l s a r ,  or a IIICIIlber  of  tll]e ‘Lmc.yc.ld” class  of l) Lllsars  iIl wllicll  tllc Sllortl

I)crio(l  i s  tllc:  result, of a past episode o f  IIpj9S  and alp,ular  I]]oI]lmltur]l  accrctioI1.  llowevcr,

(Illc pulsar’s slIort  characterist ic  age a]]d 1 igl]t surface Inagndic.  ficl(l  (see ‘1’able 1), as well
)]as tllc  al)scIIcc of aIIy I{]1OWII supcrIlova  N. nmult ill tllc  vic.illitly,  illlply  t,llat Ileitljer  i s  l i k e l y

to h: tllc  C.asc.

‘1’l]c ra(lio  tilllillg  ol)scuvatiol)s  llavc  S1]OW]I tl)at tllc  pulsar  is ill a 3.4 yr, IIigllly cc,cm)tric

binary orbit, ‘1’lIc  olxscrvd  Keplerian  orbital  parallleters  are plovide(l  ill ‘1’aljlc  1. ‘1’lle

pulsar’s ]I]ass  fuI)c.tioll  ilI)plics  its orbital colllpallioll  has a IIIaSS greater tlliu] 3.2 ML) assulllillg

a 1.4 M@  Ilclltl’oll  star. Optlic.al  ol)servatimu+ il] tllc  dir(:c.tioll  of tll]c  pulsar  revea l  a 1 Otll lluag
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l]2e star, SS 2883,  at a p o s i t i o n  coi]]cidmt  wit]) tllc  pulsar)s  tilllillg  p o s i t i o n .  ,lollnstul

c1 (11. (19921,)  co,,cl[[dc  S S  2883 is tl]c pulsar)s  co~,,pa,)iol,, and floIIl illc: Spcc.tld  type!

JOII1lS1lOI1 d al, ( ]  994) dcducc it IIIaSS  for SS 2883 of ~]Ol~~c, aIld a radius  of d~tu. A

radio  cc.]ipsc  was olxscrvcd b y  Jo]ll]st,oll  d al. (l X12b) durillp;  I,]lc ]ast  periast,  rwl  passqy  ill

1990, ?iowcvu (Ictailc[l  l]]o~lit,ori]]g  was Ilot carrid oul bccausc  o]Jly at t]lat epoch  w a s  t i l e

duplicity rccogIlizd,

AIIIOIIg over  600 kIIOWII radio  p u l s a r s , tllc  l)SI{ 1 ] 1 2 5 9 - -  63 syste]]l  is tlIe oIIly IIe
Stla,I/pUl  SM bil]ary, A  silllilar  l)illary  sysic!m, PSI{. JO04G-7319  iIi t}le SIIIdl  Magdlmlic

Cloud, consists of a 0.926  s pulsar  in orbit  with a 11 star. 11 owever  optical obscmmtiolls  sliow

Ilcitl)er cvidcllcc for clllissioll  lillcw, nor  ally eclipse  of Ille  radio  sig]al  l)cmr pcriastrml  (I]dl

[/ 01, 1995; Kaspi  c{ 01, 1  994).

‘1’lIc dista]lcc to tlIe l)S1{.  1]1259-63  systeln  is  uIlcdaiI]. l“rolll  tllc  dispersion IIIcasure

(l)h4)  of lIIC pulsar a,,<] a IIlodcl for Ll,e g a l a c t i c  dwtrol, distributio~,  (rl)aylor  &. Codes

1 9 9 3 ) ,  tlIc  cstfi]]latwl  distallcc  is d L 4.6 kpc. IIowf.vcr,  l) M-dclivcd  distwlccs  arc oftml

ullccrtai]l wit,llil]  a. Factor of w2. Jol)nstoll  CL al, (19:)4)  argue O* I tl,c Imsis  of pl,oto,,ldric.

ol)scrvatiol]s  tlld, tllc  distallcx: to S S  2 8 8 3  CM]HCA h gueatm t,llwl 1.5 kpc., ill conflict  w i t h

tl]at,  (Icduc.d  frOIII tllc pulsa  l)M .

lie stars arc c.llaractlclizct(l  hy strong  optical m))issioll  lillcw of iollizcd  l)ydrogm],  and  excess

col)tilluul]l  radiatiwl,  likt!]y duc to free:-fru: eIllissioIl , dt infrared dIId radio wavclclIgtlIs,  all

of wllicl]  s u g g e s t  tile  prcscmcc of a deIIsc, s l o w l y  exlmldil]g  wil](l  (e.g. Sldtcbak  (1988)

allIl rcfc:rmlccs tllcreill).  IIowc:vcr, {JV olmrvatiolls  of asyllll]lct,ric  I)luc:sl]iftd  alwrptioll  ill

rcso]laJ)cc  lillcs of C IV zuld Si I V  suggest  tllc pIwselIcc of a Fdst, low-dalsity  wiI]d (SIIow

1982). ‘1’l)csc  sccIJ)iIlgly  cwltra(l  ictory olmmwtiolls  ;(N recollcilc’(1  ill tllc  so-callcx]  “ d i s k ”

IIIO(IC1 (cog.  W a t e r s  1 %$(i), ill wl]icll  tllc  II(Y c]l]issioIl  md i]] frarcd  excmscs  are p r o d u c e d  iIl

a (I CIISC,  slow] y-expaIl(li  Ilg cqua,i,orially  collcm)tratul  }vil]d,  wil,ll  a ldst, tclluous wil]d ill t}Ic

polar  rcgiorl.  ‘1’hc disk IIIdd is lmgcl  y mipirical,  lIowevu t]lc  e q u a t o r i a l  collccl)tratioll  i s

likely  a result of relatively large stc]lar aIIgLIlaJ  vcloci{,ics  (c,g.  lljOIkIIIdII  &, CassiIlclli  1993).

‘1’ypical  I1]MS-1OSS rates ill l,I]c disk regions  of IIc stars are ill tlllc  raIIgc  1 0 - 9 M C , )  yr-l ~ 111 ~

] O-(; flf~) yJ”-l (C.& \~dtC!l”S  d (7/. 1988  aIId rcfcmlu:s tllerci]).  ) No dirc!ct  estilllate  of tile

I)lass-loss  rate of SS 2883 lids bccll  puhlislld.

Radio  pulsars 10s ~’tll;eir  ,ptatiwlal  cJlergy  by a rfdativistic  n+yldizf.xl  wi]]d cmnposcxl

(
+

‘$,
of CICC1, IWIIS, positrol  s  w pqsibly  lImvy  ioIls,

b
wllicll occasio IIAly is  SCC]I to eIlcrgize  sul-

rou]]dillg  galscous  IIcl\qlar  yi’~terial, rcsultil)g  ill tlIc: clnissio]]  of IIigll-mlergy  rad ia t ion .  ‘1’lIe

l)csf(  cxatllplc  of curm]t,ly  kIIowII pulsar-drivcm  IlcbulaI  cIIlissioIl  i s  llIc’  Cral) rlcl)ula,  irk wllidt

tlIc cf[ic.iu]cy  of co]lvcrsiul  of spill-down  mlclrp;y into uIIpulsd  X-ray clllissioll  is olmrved to

l)CJ N 10%; SUCII IIigllly  cflicicIlt  X-ray cIIlissioIl is  bel ieved to I)c tllc  result  of MI]])  s h o c k
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accelmat}iwl  of rclatjivistic  pulsar  wind  p a r t i c l e s  at tl)c loc.dioll  wlIcrc  tl)e  pulsar  wind  aILd

allllJiclltj  Illcdiul]l  pressures lmlmlc.c  (l{ecs & Guml 1974; Ku I)c1{ & Krotsclld 1 980; Kcvl]lc]

& (hrol)illi  1 984; Ilosllillo  d al. J 992). J’ulszw  bow Shock Ilel)ulac! , i]] wllicli  a high-velocity

pu l sa r ’ s  wind  is see]]  illtcracti)lg  with  tllc  surromdillg  interstellar  Illdiul]l,  also provide ill-

forlllatiol]  oIi pulsar wil[ds (e.g.  Kulkarni  &, IJestcr  1988; 13c11, JIailes  &, IIcssell  1993;  Codes,

Rolllalli  & ljUIldgrCIl  1 993).  Ilowcvcr, these systcI]Js  arc exl)cdcd  10 he weak IIigll-energy

c]llittcrs (Aro)Is  & ‘1’aviuli  1993).

111 colltrast,  to tllc Ilcl)ular  eIlvirolllIlcmts  of p r e v i o u s l y  k] Iowll  il]tcractillg  pulsars ,  tl]lc

IIatlll”c  of tllc  1’s1{ 1 1 1 2 5 9 — 6 3  Syskm n a t u r a l l y  allo\vs  tllc Study of tiIIlc-(]c])eIl(  lcIlt  pLll-

sa,r/Ilcl)ula  i]ltcractiol]s, lmausc  i)lIe radio  pulsa,r u]lavoidd)ly  il]tcracts  wit]] tlIc lk star

out(low  cdI pcriastroll  p a s s a g e  (Kocl)a]lck  1994; ‘I)avalli 1994). ‘1’llc pulsar  radidioll  prm-

sulw Illigllt  bc large cl]ougll to witllstalld  tile  colIlpr(.ssirlg  raII] ]Jrcssurc  f o r c e  due to tile

g a s e o u s  out[low  frolll tllc 1 k star, evcI] at pcriast,roll. I f  so ,  all illilercstillg  tiIllc:-varial)le

iIltcractio  Il of i,l]c pulsar wi]ld wit]]  the Imss ou t f low i s  expcctd  (rl’avalli,  AroJls & Kmpi

1 9 9 4 ,  IIcreaftcr  ‘1’AK94). Altcrllativel  y, for a large lIC star Inass o u t f l o w ,  accrcticnl  Iliigllt

o c c u r ,  aII(l l)rigl]t  X-ray eII]issioI]  could  r e s u l t . The 6!] Ins X-1ay ])UISM A0538–66  is ill aIl

cccmltric orbit aroul)d  a 1 k: star mld occasio]ldl  y Mxretlcs with all X-ray luilli]losit  y near

tjlle lt(l(lil]gl(oll  li]llit, , dcllloIlstratillg  tllc abilit,  y of l]]ass outflows froJ1]  Illassivc  colllpalliolls

t o  c a u s e  ac.crctioll  olltlo  r a p i d l y  rotating  lIeutlull  stars (Skillller  C( cl. 1 982).

AIJOUI,  20 llc/IIcutroII  star X-ray  cunittirlg  b i n a r i e s  arc IUIOWJI  i]] tllc  Galaxy.  ‘J’l)cse

IIave orl)ital  cl]a]aciclisilic.s  siIllilar  to l]S1{ 1)1259 -[;3: long  o r b i t a l  p e r i o d s  alld IIigll cc-

cclltricitics  (vail del]IIc!uvcl & liappaporlj  1987). ‘1’llc llc/X-ray  l)i]larics  form a subclass of

{,}[(’  IIiglt-li)ass X-ray l)irlarics, wllicll  SIIOW pulsed  X-Ia.y eIuissioll  wit]) p e r i o d s  i]) tlIc mIIgc

0.[1(39s  ~ 1 ’  ~ 103 s ,  tlIc  sig~laturc  of accrc!tiol)  oIlto  tlIc  suIFdcc  o f  a stro]lgly  ]]lagIldiml

IlcutroII  star (Nagasc 1989). l{adio  p u l s a t i o n s  IIave I)(*VU bmu] dctcct,d  frolll ally IIigll-llms

X-ray l)irlary  systm]l. ‘1’ltc ]’S1{ 111259- -63  systcl[l  is tllc:rcfore  ulliquc  aJIJOIIg  lle/neutJron

star I)illa,rics  ill t,]Ia,t  tlIC IlcutroII  star i s  a l s o  a radio ]) Lllsar.

X-ray clllissioll  was dctcckxl  tllIC l)S1/ 1 1 1 2 5 9 - - 6 3  systmn near a]mstroI1. ‘1’IIc: first  low-

lcvel X-my dctectiu]  w a s  by CoI]]iIlsl<y,  ILohcrts  &, JollINtoI)  (1994) (Ilercaftcr  CRJ94)  W}1O

obscrvc(l  l,llc systcIIl  j u s t  after apa,stro]l  usillg  fiOSA 7’  i]] Scptm]l II)CI 1 !392. ‘1’IIc  okrvd

X-ray lulIlil]osity  ill lJIIC ROSA7’  lKMId was 0 .3  8X IF’:{ erg  s- 1 ,  for d  : 2 kpc. Mld dcpuldi]lg

011 tllc WSSUIIICXI  spcc.tml  II Iodel, A  recm]t  mldysis o f  public  arc.llivc Jt0SA7’  data  talKUI iIl

Fcl)l’ua]’y  1992,  j list l)cforc  apastrml, r e v e a l s  sigllificallt  X-ray cl~lissioll  at a level  approxi-

I]]at, cl.y coIlsistc]lt  with  (IIIC CI{J94  result  (Crei Iler, Ta\ani  h, IIcllo]li  1994, hereafter C’1’1195).

Statist jic.s i]] l)otlI dd}cctio]ls  arc p o o r  a]ld li(jt]c spectral  i]]fonllatio]]  is  dvailal)lc.  ‘1’llc 01)-

scrvc(l  X-ray luI]]i  Ilositics  ]lWI’ apastroIl, though (le])(:Il(lcIli  011 tile assllIJled spectrum, arc
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l a r g e r  tllall  expcctcd  frolIl coronal  mllission  frolIl a ty pid 1 k star. Sillcc Ll]c radio  pulsa-

tions wcrcdckkxl at tlleepocllsofa]l  ftC~,SA’/’olJs(:r\atioIls, accr(:tio]l  of]I]atc:rialoIltot]ie

IIcut  IoII stkw is aIl u]llike]y  cxpla]]  ation,  si]lcc ill would  lIavc  CILICUICIICd t}lc  radio  elllissioll.

llltllispapcx,  wcmpmt on tlllc:eX  -rayol)scrvatiol]s  wit]]  t,lIe A,$L”/1 satc:lliteat  tllesys-

tc!lll’slllost  rccc:lliJ]]cliastjroll passage. ‘1’]le X-ray ol)serJatiolls  WCN parl, of a lllultiwavdeugth

cal]lpaigll  to stLl(ly  tllc ullissiml  Ilealr periastrcnl, illcluclil)g lJ\l mld o p t i c a l  (McCOIIUIIL,

Castclax k, IInlllwcilcr  1995), lid X-ray wld  gaIIIIIIaray  ((.;IOVC c1 ~[1. 1995),  aLld radio

ol)scrvatiolls ((]dlIIStIOIl  Cl d. 1  995).  l’reliIIli  Ilary rt:ports  il]dicaic l,llatl  tllc  pulsd  radio

clllissioll  l)ccalllc  ull(lctccta})lc  ill xllid l)cccIIIl)cr  1993 MIC1 b[!caIJ)c visil)lc agaiI]  oIIly at t}Ic

bc:gi]]I)iI]g  of ]Jcl)rualy  1994 (~. Jollllstul  zu]d lLN. M aIlc]leslu,  pvrso)ld  col)llll~~llicatioll).
‘1’IILIs,  lIIIC A ,5CA ol)suvat,iolls  N!])dd IIere WCLW all ol)taind  duri]lg  (lie radio  cclipsc.

2  OllSItRVATIONS

III OLXIU  to ll]ollitor  possib]c  t,il]le v a r i a b i l i t y  of I lle X-ray c]llissio]), tlIc AS’(JA X - r a y

satldlitc  olxmvcd  tlic  systm]]  near pcriastroll, a n d  a!ppl’oximatlcly  two weeks before and after

pcriast(roll. ‘1’llc [irst mld tl)id ol)sOvatioIls  lIad cx]msure tillleb d w2[),000 s ,  wllilc  tile

Sc’coll(l  IIad -J40,000 s, ‘1’dlc  2 gives a suImt]ary  of t}le t,hrcc A S’IC”A obse rva t ion  and  of

lII)c orbital gcoI]Ictry  for aII assuIIled  IIc star Ilmss M,, = 10 fi~~~. II] l“igurc  1 we provide  a

scllclllatic (Irawillg  of tl]c pu l sa r ’ s  orbit  around  tllc s~stclllic Cultcr of Illass, togctllcr  with

tlic  appmxilllalc  ]ocatioll  of t]lc pLIlsar duril)g  tllc  X- ray  obscrvatio]ls  r e p o r t e d  by ~]{,]~hl,

(.~’l’l  19fi, a)ld tllosc  dcscril)cxl l)crc.

‘1’l]c A S(JA  satc!llitc  (forlllcrl  y Astro-1})  carries four X-ray tclcsco]m  (X IU’s),  each  colI-
sistillg  of llcsl,cxl  collcc:lltric  tllill foils that,  approxilllatc  pairml  llypml)o]ic  and  para})olic

surfwcs. ‘1’llc X-ray tdcsc.opts l)avc pass ba]ld  0.5- ]2 kcv m]d spatial  rmolutioll  N]’. At tllc

focus of two of t]lc telescopes are Solid-state llllaging  S])c:ctlolllf:t,(:ls  (S1S), eaclI  of wllicll is

lmsd aroul]d  four  CC]) chips llavillg  mmgy  rcsolutio]l  2% at 5.9 kcV wld  field of view 11‘ x

11’. At tllc  focus of tllc otllcr  two tc!lcsco]ms  arc Gas  1 lllagillg  Spc(.lrolllcters  (GIS), ilnaging

gas s c i n t i l l a t i o n  proportliol]d  coulltms  with  8% eIlergy  resolution  at 5.9 I{cV mld a circular

{icld of view with dia]lkctcr  50’. All three of our  obsu  vatiolls  were do]le using  both S1S aILd

G]S illstrulllmlt,s.  ‘] ’}](: illstrulllc~lts  are dcscribd  ill J11ON (Ietai] I)y ‘[ ’allaka, ]IIOLIC & ]1o]L

(1994).

‘1’IIC (Ida rductioll  w a s  doIIc at tlIc:  A,5’CA Gucsi  o b s e r v e r  l’acility  (GO]’) at tile  Go{l-

dar(l  Space lrligllt  CcIlt,cr wld  at  tllc lllstitute  for Spate  m]d Astrollautic.al  Scimlcc  ill Ja]ml.

‘1’llc pl”ogralIl  xsrtI,llcT  fm]l  ille FTOOI, S software pack+y!  was uscxl {0 idmltify  tllc



pulsar aIId Sclccll  a circular  regicn]  ccIltcmd  m tlIe source  frOIII  tlIC [iclds of v i e w  d czdI in-

StrUIIICIIt.  l~or CIS  ol)scrvations,  tllc c i rcu la r  regioll llatl radius  6’, while for tllc  S1S data the

rcgiml  l)ad radius  4’. 1 lac]{gmmld  subfraction was doIle using  G 01’’-supplid  bac.kgromld  files.

11 otj aI)d flickering  pixels were IWII1OVUI fmn tlIc S1 S data.  IIi]l]lcd ]JllotoIl lists were  crmtd

for spcc.tml  aIIalyscs  (rc!bil]lling 1,064 spdml  lJills  fol GIS mld 2[Jfi for S 1 S  was done after

cxtractioll  ), M w e r e  tillle-taggccl  pllotmn event files for tl]c  Ilillli]q?,  wlalyses, wit]] lmryccm

tric c.orrcc.tions done using  tllc  GOl~-supplied  routine  1 IA R.>TCRN. ‘1’lle pulsar’s barym]tric

p u l s e  p e r i o d  as a fu]lc.tio]l of tilIlc  is sllowI)  ill tllc l,oJ) pwld of lpi~;urc  2. ‘1’llc IIigll-lightml

rcgioIls  SIIOW tlIc  epoc.]Is aIId durdicms  of our A5’CA  obsmvatiolls; lmtll  tllc  clla]lgc!  ill olJ-

SCI”VCY1 La,ryccI]tric  p e r i o d  frolll c])ocI)  to cpoc}l as }vcII as tllc  slIIall  period varia,  tioll  wit]lin

cacll 01 Mcrvdl  ion is dpparcnt. ‘1’llis  i s  (liscusscd  furtllc]  iIl 33.2.

l{cspolisc  Illdriccs were produced  usillg  G Olr-supplied dctlcchr  IcspoIlsc  fuIlctliom  and

Xli!l’  c[~cctivc Mca c.urvcs usillg  tllc  AS CAAliF soft  ware. ‘1’lle (.;1S data had  tilllc M:so-

]utlioll  0.976 or 0.488 111s, dcpcndi]lg  cm tlIc  tclcrlletry  m o d e ,  and wmc  usd for tllc  timiug

analysis  dcsc.ribd  below. ‘1’lle S1S data llavc  poor lmllpora] rcsolul,ioll  hut cxccllmt  spcctrd

rcsol utio]l,  so were ud 0)]1 y for the spectral  allal  ysis.

3  RESIJI,’I’S

At all t,]lrcc  observing  epocl)s , a poilltl  s o u r c e  }~as ddedcd d a positioll  c.ollsistcllt

witlll  tjllatl  of tjllc  pu l sa r ,  givcvl  tile  W]’ uncertainty  of t,llc /15’CA poillt,iIlg.  AI] iIIlagc froIll

tlllc CIS detcztlor  for tllc: sccoIId olmrvatim  is SIIOWII  iI] F i g u r e  3 ;  i]llagcs  of  tllc field for

tllc  first  a]l(l  third obse rva t ions  arc silllilar. ‘1’IIc  bri}!llter  s o u r c e  SCCII  iI] t,llc iIllagc  is t}lc

pulsar. ‘1’lIe S1S illlagc  of tllc  field (l~igurc!  4) S1]OWS  tll( typical ASOA “cross-] ~atterll” at lI)c

positiwl of t])c pulsar , cwlsistmtl with its ident,  ificatioll  as a I)c)illt--so[ll”c.cl;  ,$1S illlagcs  for all

tl]mc ol)scrvatiolls  arc sil]lilar.  Coulltj M)(:s for L]!(? four  illstrulll(:lltjs are given  ill T a b l e  3 .

l“igurc  5 SIIOWS tlhc liglltl  cuvcs  for G1S2 data at all t)llree  oLscrvillg  cpdls;  tllosc  for tllc

other  i]lstrulllclltjs  arc silllilar,  WC ]101,c:  tile  absmce of my rapid  varid)ility  ill  tllc  X-ray f lux .

‘1’l)c scc.oll(l  source  sccl] ill tllc GIS field of view approxil]lat(ly  10’ sout]] west  of tile

pulsar systm]l  is a pmviousl  y ullidentified  X-ray source, sereudipi tmusl  y discovc!ml  as pad of

this dlort. ‘1’llc scrcll(lipitmus  sourc.c clocs  IIOt appear  ill tllc S1S il)lagcs  sil]ce it l ies  outs ide

tllc  s]l]allcr  S1S field of view. We do not, c.oj)sider tile serc!l)dipitous  source  furtlllcr  ill this

paper, apart,  for SOI]lC:  l)ricf  rcIIlarks  ill  $3.3. A II1OM: careful wlalysis  of this IICW X-ray SOUNW

is pltu)]lcd,
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3 . 1  Spectral  Reslllts

‘1’lle spwi,rd a n a l y s i s  was (1OJ1C  wiih the NASA/(.:STW  XSPRC software ]EdagC. S1S

specha for tlic th ree  obse rva t ions  are sl)own ill  l“igu] e 6. J41(: fO(l Il({ t]lid ii SiIll])]C!  ])OWCT

law dcsuibes  tltc  data well  at all tltree  e p o c h s .  N o  cvideJIce was  fou]ld  for aIIy liILc~  features

iIl tlIe spectra, ‘1’IIc results of tllrec.-paramdm  fits tw the 2Mhpectrd  biIl S1S data ( S 1 S 0

m]d S1S1 c.ol]lbil]cd) are given  ill ‘l’able 4 . ‘1’lle jyz ~it s tat is t ic .  is  only  sligl]tly  IIighm for

a t,l[erlllal 1)1.er]lsst,la.}tl[t]lg  Illodel  col]lparml  wit]]  tl)ai for tl)c powcl-]aw  IIlodcl; t h u s ,  frolll

t,}lc AS’CA data  aloIle, a tlIcrIIlal  l~lodel,  wit]l k7’ N 1 0  kcV,  Nll N 0 . 4  x  1 02 2  CI11-2, mld
IIUXCS  equal  to tllosc  foul~d wit,ll  tl]e p o w e r  l a w  Inodcl  cannot  be e x c l u d e d .  Ilowevcr,  IIMXI

X-ray  erllissioll  ill tile e]lcrgy  ra])ge  50-200 keV froj]l tl)e direction  of il)e l)SR 1 1 1 2 5 9 - 6 3
syslm]l  was detected by tile  0,S,$1,’  il}strulllellt  aboard  tTlc (~oTrlp[oTL (Jamma-Ray (Wicn)cloly

(luri])g  MI observat,ioll  frw~) Jw]uary 3 -  2 3 ,  19947 a]ld l)ad a spcc.t,ru[ll  C.ollsistwlt  w i t h  a

silllplc  extrapolatioll  of tile power l a w  fit to Ll)c A,SCA data reported llcw,  tlILIS  ruliIlg

o u t  a tjllcn  Ilal  Illo(lel (Grove  d al. 1  995). ‘1’IIc GIS data arc ill agrw]lellt, w i t h  tllle

S1S data to witllill  N30%, c o n s i s t e n t  witli  known  systmlatic  diffcrculccs due to calibratioli

urlcertailltic!s. ‘1’lw urlcertailltics  quoted  ;]I tl]c  ‘1’abl( fcn tlie STS data arc s t a t i s t i c a l  9 0 %

~.ol]{i(l~!ll~.e  il)t,~!~va]s  as d~~~]ate(]  hy  xsT’~J~, ~~ld do ll~t ill~]~l(l(~  dlly ~st!illde  of syst!elldic

calil)mtioll ul)ccrtailltics. III l“igure  7 we s h o w  contour  plots of tllc  fV1j and  pllotoll  index

pardr]lc?ter I[rlcc!rtjaillilics,  IIoldi?lg  tllc  1- 1 0  kcV flux fixed a t  tll(.’ vdlucs ill ‘1’al)le  4 . I)lle

C.OIltOUl’S  plotlkd arc 68”X),  9 0 %  alld 99% uMlfideIlcc  Ic’vels.

A]] illlpodallt,  resul t  of L1lCSC o b s e r v a t i o n s  COIIUHIS tile (lc:tcIIIli  IlatioIl  of tlIc:  COIUIILII

(lc~~lsity  A~ll.  M~e fi]l(l t,llat tile  pllot,odedric  al)sorplioll  towaml tlic s o u r c e ,  N]] = (0.53  :{

0.05)  x 1022 CIJI-Z, is col)sistlellt,  w;tll  all i]ltrillsically ullahsorlmd  source in tile galactic plallc

at t,lle cstilllat,cxl  distallc.e  of l)S1/  111 2 5 9 - – 6 3  . W( filld 110 cwi(lculc.c  for a]ly siglli(icalltl

variat,ioll  ill tllc  a b s o r p t i o n  w i t h  orbital  phase  wit,llill  t}le ]IlmsLlrcm)cllt  ~lIlc.ertlailltjic:s.  Our

IIIcasLll”ctIIJc~Ill, of A’ll  is co~lsistent,  w;I,T)  t]lc appmxinlate  values ol)t aiIled ill(le]]cll~lcllt,l~T  Near

apastlrol)  frolll tllc  lt[)LSA’I’  olJsc:rvatJiolls  (C1{J94,  G’I’1 195), M’(’ discms  tllle  absorptiml  fu r the r

ill 54.

A s  i s  clear frOIII  ‘1’able  4, tl]c  X - m y  f l u x  frolll tllc source was tilllc:-valial)lc:, IIavirlg

mdied  a lllillill)ulI)  at pcriasl,m~l that co r responds  i o about half tile  values  syullllctrically

arouIId periastroll.

3.2 Search  for Pulsations
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X-ray clllissiml  Illodulatcd  with  the PSI{  1)1 259 -63  spil] pwiod  cm he produced  b y

several llld)aIlisllls: (1) lllagllc~tos]Jllc~ric  pulscxl  emissiol]  (e.g. Seward  &/ ITW’I1(lCI1 1 982)

(2) rcpmccssi,,g at tl,c ,]cutroD  star polar  cap  d c],crgy  fro,,, illc  prccipitlatioll  of elec-

troI1/positroll  pair currcnlts  (e.g.  IIardillg  1 995) (3) actrdioll  of gaseous  l]derial  c}lalllldd

by tl)c strwlg  surfwc I]]agl]ctic  field into an X-ray radidiug  dccrctioll  columlI,  as ill tile case

of the rapidly  rotating X - m y  pulsar  A0538--66  duri]lg its oull)ursis  (Skillncr [d {/1. 1982).

A s  S]}OWII  ill l“igure  ~, l,llc pu l se  pc:riod  of 1’SR ]1125!)-63  clImIgcd  significwltly  durillg

caclI  of our obsc:rvatiolls  l)cxausc  o f  the varyiIlg  l)opplcr  slli  h due h tlie large acduation

o f  tllc pulsar  ill  its cc.cultric  orbit IIear  pcriastrwl. III geIIcra,l,  a variable  l)opplcr  s h i l l  011 a

})ulsd  signal  caJl hc Ilcglectld  if tile  distwlcc  1 tl]e  source has  traveled  (luring  lI]c illicgratioll

tlilllc!  7’ duc to iwxx:lc!mtiol)  a,  1 ~- a7’z/2, is Illuc}l  l e s s  tha]i  tile  distiallcc  bctwcwII  eIIlittld

wavcfrultjs  I, = cl). FOI tlIc tlIrcc AS(YA  obscvwatiolls  of Ll]c l) S 1 {  111 25%63 systcm,  tlllc

cwll(litlioll  1  < <  1, is Ilot verifid.  Tlowevcr,  the variatiml ill lllle  ol)smvcxl  period  b~:cause o f

tlllc!  accclmd)ioll  of (,1)(: pulsa,r ill its orbit i s  wc:ll-a]}l)roxirllatc(l by d lillcar  trmld  for our

olmcrvdJiolls.  ‘1’]lus, to scarcll  for pulsailiolls, we folded  t h e  pllotlo]ls  ]]]odulo  trial pcriocls

IICM {IIIC Mpcc.twl  pulse  pcrio(l,  a f t e r  IIavi]ig corrcc.tkxl  tile arrival  till)cs  for tl)c accelerdiml

of tllc  pulsar  ill t w o  diffcrmlt  ways: using  tile  o r b i t a l  para]]lctcrs  given  by Jol]I]stoJl ci al.

(1994) ($3.2.1) and  by c.orrdillg  for a lluInber  of trial lillear  trcvl(ls  ill t]le pcrid (53.2.2).

,?, ,2.1 h’/lOC}L-fOhiill~ Wilh  01’hilal Doppl(l’ S’hifl (Jol’)wl’ioll

l’rior  to scmdlillg  for pulsations, tllc:  orbital J)o])l)Icx shift of lllc pulse  period, givwl by

27r Pa,,  sin  i
J]’(i) =- -

}’[,(1 –  c~)w
[ws(Ld - t  q$(i)) - i  c  mu] (1)

to first order (c,g,  Shapiro  & ‘1’eukolsky  I 983),  where +(1) is tjlle  true  wIoIIIaly,  was a c c o u n t e d

for using stwldd  IIldllods. ltpoc.11-foldillg  of’ tl]e  co] rectal pllotoli  arr ival  tillles  was (lone

Usiljg  tile  X-ray til)lillg  softwa,rc paclmge  XRONOS (Stella  L: Allgclilli 1992). l“or eaclI

A 5’CA ol)scndlio)l,  pllotoll  arrival tiIIJes  c.orrcct,ed for the o r b i t a l  lllotioll  were  folded  with

?L =- 32 tllllc bills across tllc  pu l se  p ro f i l e  at p e r i o d s  ill tl]c  illtclvd  1’ +- Al), with  1) =

47.7623 11]s. A total of 128 trial periods were SCWIC1lWI , wit]l pcxiod steps of ]Idf t]le ]“ourier
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Sk]), s]’ = lJ~/2T, ‘1’lle corrmpolldi]lg  p e r i o d  raIIge A P  was 1.5 x 10-6 s for tile first  Nld

third  A,5’CA olxservat,iol~s,  NIC1 6 x  1 0 – 7  s  for tllc~ SCCO)]  (1 observat,ioli.

l~w’ cad) trial pe r iod ,  aII estilllat,e  of tllc  likclillod  of tlIc  cxistfcl)ce  of a  pulse ill  t,lIe

folded  data was c.oIIlputed  using  tllc’  qualltity

(2)

wlIerc  (;K is tlic observed  COUII1) rate of tlIe ktl I phase  I)i]l, C is tl)c  average count rate, and
o~ =- ?1(7/’/’ (I,cahy d (11, 1 983). lbr our obscrvatimk  a~ is collstiil]t. A collermlt  pulsatiol[

ill tllc  clat,a  resul ts  ill a vdluc for ,$ large co]~]pad  with  lloise. IJ} tilt)  liIJ]it  of a large IIUII1lH

of phot,o]ls  AT7 = (;’/’ , 5’ is tlIe  f2tIlli  liar /L_l. A  plot,  of tlIe  s t a t i s t i c  ,5 VC!MUS  trial  p e r i o d

for OIIC  of tllc  ol)scrvat)iolis  i s  slIowIl  iIl lJigure  8. No s t a t i s t i c a l l y  sigtli(icalli,  peak  iIl  tl)e ,9

distribuljiolls  for miy of tlIe three olxxmkdioIls  was  dddd. WTC  (Jsti]l]at,e(l  WI upper li]I]i(,

t o  (]1[! pulsed  fractioIl  llsiIlg  t]Ie a n a l y t i c a l  I1let]lods (lescribcd  by ],mlIy  d cl. (]983).  111

t(llis way, w c  col])pute  90% cxm{idellcc  u p p e r  liIIlits  olI tllc  puls(x]  fractioIls,  ummrvatively

assulllillg  a sillc:-wave profile, ‘1’llcse arc givcll ill ‘1’al}l( 5.

Silllilar  cpoc.}] foldillg  al)alyses  were clone o]] sl]ort  strctc.lles  of (Ida iIl wllicll tlIc varial)le

l)opplcr  sh i f t  was Ilcgligihlc. III a d d i t i o n ,  silllilar  dllalyscs  w(’rt~ clone OII tl]c  (;1S2 m]d

GIS3  data sets  separately,  iIl case  an UIIl{IIOWII  clock d i sc repancy  exists  between tlIe  two

iIlstrulllcIlts.  111 110 instwlc.  c was them alIy evidence  for pulsaticnls  iI) llIe data, 111 additio Il,

d sil]lilar  wlalysis  was doJle  using  cpoc]] folding a]ld tile Z: t e s t  (Ilucc.lleri  d {Il. 1 983) f o r

7/ =-- 2, 3 ;  I1O cvidc!llcc for pulsdtiom  was fourld.

Since  t,llc variat,ioll  ill tllc pulse period due to a va riable l)oppl(~r sllifl,  over tlIc  course. of

each  ol)scrvaticnl  is well-aJ]l>loxiII)alJc:cl l~y a lillcar trml(l,  as aII a(ldi{,iollal  cllcclc, we searclIed

for pulsations iIl 1)- P space. I’llis  “accelc:raiioll  searcl)”  is l]lotivdc(l  Ly t}lc possibi l i ty  of
s]llall bia,sillg  of t]IC o r b i t a l  paraIIleters  ol)tail]cxl  by Jol  II Ist,oII  c1 cl, (1994) usiIg  radio

til]li]lg,  (luc pcrlIaps  to uIIIIIodelecl  dispcrsioli  (Ielays,  UI]II]O(lCIC{I  posl,-l{cplcrialk  dyllalllical

ef[ects  (I,ai, llildst,cll  I% Kaspi  1 995),  or silrl]}ly  because  t h e i r  (lclcrlI1illat,ioll was b a s e d  011

fewer tllall  two cwllpletlc  orbits. ‘1’lle ]llaxiIIlulll  accl Ctjio]l  t orquc OJ] tlllc pulsar ,  assmlling

IMdi]gt,o]l  rat)c accrctioll at t,l]e corot,at,ioll rd(lius,  g i v e s  O V ;1 x 10-11 (1}/1 S)’ls,  wllicl],

fo r  our observatlio)ls  of l) S } {  111 259–63,  is llcgli~;ibly  sl]mll. SillCC! ~R~Nc)S CdllIIOt, (]0

accelerdiml  searcllcsj  ii, was IIot u sed  for tliis  part of (Jlle allalysis.
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Wit]] 1]0 va r i ab le  l)oppler  shift correcticm  done  to tlIe plIotA)Ik  arr ival  tiI]les,  tlIey  were

foldcxl  at a r a n g e  of trial 1“s aIId P’s usiIlg  n :=8, 10, aILd 32 bills across  tllc  pulse  pcrid, to

cllsure swlsitivity  to a variety  of pulse (luty  cycles. Slcps ill 1’ were C1OIIC ovcrsalIlplillg  tile

l’ouricr s(,c]) l)y a factor  of 5, Lllat is JP = P2/57’, ‘1’llc optli]lml  step ill P was CIIOSWL  to  he

tlld  wllicll r e su l t s  ill tlIC w o r s t  msc p]lotoll  arrival  tilllc  180° out of ]jllasc wit]) tile p u l s e ,

dp =- (  /’/’/’)2,  Wld WaS  ?L]SO  OVC!lXaIIl]k]  by ?I fdOl  O f  ~. ‘1’1)( statistic S was coIuputd

for cacII  fOldc(l  p r o f i l e  usil]g l;qud,ion  2, l)lots of S  versus  1) WI(1 P WCM: c!xamind  for
sigllifica,lli,  fcmt, ur(:s; Ilolle was found,  ‘1’0 cstilllate  all ul)per li]llill  to tllle pulsed  fraction, fdke

p u l s e d  pllotoIl  arrival  tillles WLXW illjectmd  into tllc da ta , ‘1’l)c fractiol]  of Fdkc arrival tilllm

was a(ljustcd  until it p r o d u c e d  a fwature  ill tllc S plots collsistcllt  wit]l feat,  urcs  SCCJ] ill tllc

real  datti.  [Jsil]g  Illis IIlctllod,  wc conclude  tl]at for ])ulse p r o f i l e s  IIavil)g w i d t h s  lCSS t]lan

] / 8  d t]lC  ])UISC  pC1’iO(l,  ]CSS t]lall  ~% O f  th(; flLIX WaS  ]) U]SCd iit CMC]I  C]) OC.]1.

3 . 3  S e r e n d i p i t o u s  Source

l~igurc 3  slIows a scxoIId  source  ill tile  GIS field of view, N] (]’ S(,)  Lli]l  WCSi  Of  L]IC ]) LIISM,

o u t s i d e  tlIc  S1S fic](l  of view ill all OLIr ol)servatio  Ils. Altllougll  tll~ source  appcam s l igh t ly

elollgatcxl  ill tllc  illlagc  sllowll ill l~igurc 3,  givm) i ts  location  Cdr o[l~axis, i ts  apparcultl  I1lor-

pllology  i s  rouglIly  co]lsistu]t  witjll  a point  source. ‘1’tlc source was prcsu]t  iIl all tl]rec  o f
our ol)scrvatiolls,  w](1 S11OWLXI ]]0 strong  varial)ility  0]] S11OL4 ti]llc  scales,  IIowevcr, tlimw w a s

SOIIIC c’vi(lcI)ce  for a SIIIall  l]loIlot,oIlic  iI]crease  ill i t s  {oullt, r a t e  frolll  tllc  first  to tile third

obsmvatioll. A  p o w e r  law spcctrd  II1OC1C1  provides  a rcmsoIIal)lc  [it lo tlIC data, altlIouglI

givcll  tllc  lilllitcxl  s t a t i s t i c s ,  otl]er  II1OC1C1S caIIIlot  l)c r u l e d  OU{ wit]]  aIIy ccrtaiIlty.  Assu]llillg

a p o w e r  law, t,llc alJsorptioll  t,oward tllc  source, N}] w :1 x 10ZZ  C.lll-”  2 , sLIggcsts  ii, is collsi(ler-

ab]y II IOIC dist,  wlt t,]IaII 1’s]/ ]11 259–-63 ,  A scare] )  t,] IIoL@I  t,]Ie ~illll)ad  data}msc  rcvcds IIO

catalogucxl  sourcm  witllill  N5’ of t,llis source.

4  DISCIJSSION

WC: collsi(lcr  llcrc  various possil)]c: origil]s  of tlIe X-lay eIIlissioIl

s ystuII  IICM pcri  2LS111011,

]’0111 tllc  l)SR 1)125%63

4.1 X-ray  emission from the Be Star

A s  discussd  by C1{J94, early-type  11 stars l]avc bcml  slIo~vII  to cl]lit  X-rays tlIat  are

cxplai]led  as origi]lat,illg  fro]]l a la(liatioll-(lrivc~]  wi]ld lIcatd by s}1o(1{s (T,ucy 1982;  Mac.l’’ar-
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lallc  k, (.;assil]elli 1 989; IIjork]lmll  & Cassincl]i  1 993),  wit}l  X-ray lullli]losities,  1,,., obscrv(!d

to scale rougl)ly  with tllc! l)ololllctric lulllillosit,ics, 1.M, with ]Jro]JoJIFioIlalitJ~  coIIstaIIt  fwIO-7

(I)allavicilli  [:( cl. 1981 ) .  11] a recalt  ROSA7’  survey of 011 w](1 Ollc stars, Mcurs d al,

(1992) foul)d a si,],ilar relatio~)sl,ip,  all~cit wit])  co~,sitlcral)le  s c a t t e r ,  wit], ft0,5’A7’ 1,7/1,,,01

ml]gi]lg  frol)l  10–8 to 10-4, Cassillclli  c1 al. (1994) used  lto,$A ‘/’ ol)sclvatiol]s  of ]] a,lld ]]e
stars to S11OW that tl)ere is a, I,rmlsit,io]l  ir] X-ray propmlies as a fullciioli  of spcc.trd  type, w i t h

1,,/1,1,,)1 sl]lallcr  for stars later tlla]] 111. lJsing our observed  AS(;A  X-ray  lIUXL:S ex t rapo la ted

to t]lc  lt0,SA7’  ball(l and t])e //1,,,1  for S S  t?88~ o f  ~,8 X  1 04  }.@) (,j OhllStOll  c{ [1/, 19921)),

wc fil)d l, J./ l+{,! w J ()-3, I]IUCI1 larger tl)ml would be pdidcxl  l)y tllc  cl)lpirical  rclatiollsllip.

l“~lllrllc:rlllorc!,  Cassillclli  cl cl. (1994)  sl,owcxl  that X-ray spcc{Ia of II,ai,,  and  IIcar-],lai],

scqumlc.c 11 stars arc cllaractcrizcd  I)y elllissioll  fmrll  {I)as at a tell) Ijcrat,urc  of N 2 x 1 06  K ,

wit]] {,]IC> ]Io{,tcst  X-my smlrcc  ill t]lc!ir  salllp]e  h a v i n g ,  telllpcratum  ~ x 106 K. ]]y coIlhst,

our  tllcrl]lal  spcc.tru]]l  fits to tllc  AS(;A data  for 1’S1{ 111259---63 arc cllaracterizd  by II IUC.11

IIigllm  tc~IIll)c:rat,Llres,  ‘/’ w 1 0 8  K  ( s e e  ~3.1  ). 111 any cas(~ , as discussf:(l il) 33.1 , 0,5’,5’1,’ ol)serva-

tfiolls  by Grove d al, (1995) rule out a tl]erl,)al  specl*u*,l. ‘1’1)11s lI]c IIc star is M] uulikcly

Solll’cc  of t,lle ol)scrvd  x-rays.

4 . 2  X-my e m i s s i o n  from the neutron star surface or m a g n e t o s p h e r e

S l lod l -pe r iod  pu l sa r s  are occasiodly  ol)smved  to mk)it X-rays  (SCC 6gel)IlaIl  1995  for a

r e v i e w ) .  AlllIouglI  lligll-c!llergy  e]llissioll  is geIIerally associatd  wit]]  p u l s a r s  }laviIlg  IIIUCII

SIIIall  CI” clla,lacl,~!l”istlic  +y:s (I]lal)  tlla,t, of I’SIL ]11259—[)3 , its snort l)ulsatioll  period of 47 1 1 1 S

lllakcs  ill a plausil)lc  X-ray mllittlcr.  X-rays frolll isolaled Ilelltfroll  stars arc obse rved  ill t w o

(Ii flcrwlt  forllls: X-rays are citllcr  produced  ill tjlle forl]l of pulsatiwls  (e .g .  l“ritz d al, 1 969;

Sewar(l  & llarll(lcll 1  9 8 2 ;  Scwad, Ilarlldel] & llelfw](l  1984), or ill weak  ulLpulscxl  tl)c:rlllal

cl]lissioIl arising frolll tllc  cooling  of t,llc IIeutro]l  star (e .g .  C6rdova  c1 u1. 1 989; Tlalpelm  &,

]/.U(]CrJll?Ul  ] gg~).  ‘1’]Ie  UII])UISCX1  aIId  I1oI1-t]lc:rIl]a]  eIIlissjoIl  lU]CS ollt, hotll t,] ICSC: possibi]itjc!s.

4.3 X-ray emission from accretion onto the neutron star surface

‘1’11(! gravilatiollal  acc.retie]] ra(lius  is givmi by

3 x 1 0 ’2 
CI1l

1<(;  5’ ?;~. f-+ - -  - - - - . —  _ _
[C (Z~r(,]/l  OO 1<111  S- 1) 2  ‘

(3)

Wllcrc vlCl i s  tllc rclat,ivc  willd/orbita,l  ve]oci{y. As  S] IOWII  by TAT(94,  for reaso]lab]t’  W-

sulllptiolls  al)outj t,llc pressures  o f  tllc pulsar  mld IIe star willds, tllle r a d i u s  at wllicll  tl)e
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Oi,llclc:l~i(lc:llcc’ag  aillstl  accrctio]l  isplovi(lcdby  tjllc:alJscl)ceC)fX-ray  pulsatiolls  at, ally

orl)ital  pl)ase. ‘I’llc:  slllPdcc:lll  agJlc:tjicficl( lstrellgi}lof  l’Sl{.l]  125<] --63 isll=-3.3xl  Oll G.rl’]lis

field Strcllgtll  slloul(l easily  l)c sufiicimlt  to clla,llIld mly illfdlillg  ]]]attcr  oIIto tl]~  stellar surfwx

]Ical’  tllc  poles, wllicll s h o u l d  result  ill a strollgly  allisotropic  an~uldr  pattern of clllissioll

(Nagasc 1989). ‘1’l)c observabil i ty  of X-ray pulsatio~ls  frolll  tlIe 1’S1{.  ]]1259–63 SJWtCIll

dcpml(ls  soil Lcwllatj  011 t(llc  gcolllctry  of illclinatioll  of tl)e pulsar  IIlagllctic  axis witlll  r e spec t

to tl)e lil]c of  s ight ,  l)owcvcr  accrcilioll  witlloui  pulsaticms  requirm ~i]lcly  tul]cd  gcwlnetrics.

‘1’llcrc  arc several additional argu[]]wlts  against  acc.rctio]l, ‘1’llc obscrd  rddclliIlg  to-

{’

ward SS 2883, Al, = 3.25 IIlag  (WmtcrluIld  k, (idnlier  1989), illlplics  all cxpcctcd  IV]] ~7x1021  :H]-z I

(Gormstcill  1975). ‘1’llis  is ill rougl) agrccl]lc]ltl with lJIIc obse rved  value  of N5 x 1 Ozl CIII-2.

‘1’IILIs,  tlIC X-riiy  al)soqJtioll  is collsistwlt  wit]] t h a t  frolll tllc g a l a c t i c  colltril)ution.  ‘1’hc 01)- -

servcxl almulc. c of tcl]lporal  variatioll  of Arll  as l>Slt  13 1259—63  IJIovcd arou IId tl]c pcriastrou

rcgioll call bc usml to rule out tllc prcscllc.c  of a large quantity of a.l)sorhillg lllatcrial  illtlrinsic

1!0 tllc  Systc!lll  as [!xpectd  f~OIll  accrdiml lllodds  o f  tllc l>S1{  1]1 259–-63 systcIII  (rl’avalli

& AroI)s 1995, IIcrcaftm ‘1’A95).  11’uIthmIlorc, spectrtt  at all tl)rec c!poclls SI)OW no f e a t u r e s ,

SUC.11 as l“C I{(Y clI1issioll  lillcs,  sccI]  ill spcctrh  o f  l{lIowll  accrcti]lp;, lligll-lllaglletic  field sys-

ICII)S (Nagasc 1989). Also, t}ic 0,5’,S1; results (ICIIIOI]S1 rate tl)c  al)scllce  of ally spectral cutoff’,

coI]IIIlollly observed ill acc.rctillg  systmlls (Wllitc, Swa,,k  & lIolt 183), l’urtl]ml]orc,  accmt-

illg sourms  c.o]]lli]o]lly  SI)OW strollg,  rapid  v a r i a b i l i t y  (e.g.  SM(.I X-1,  K, l]bisawa,  pcrso]]al

collllllllliic.allioll); by cmltrast,  I(llc light curves for PSlt 1]1259-  63 arc stlablc (Ipigure 5 ) .

11’illdly,  a fourtl]  A,5’(;A obscnmtioIl of PSI{. 111 259–63  IIlad(:  after tllc:  radio pulsatiol]s

rcappuud  (Ilirayallla  c( [11. 1{195),  sllo}vs  very  sinlilar  X-raJ~ cl[aract,elisljics  to those

repor ted  llcrc,  mldc:rillg  aI) accretion  scmlario,  in w}livll  radio  pulsatiolls  should  be que~)chd,

IIigllly ulllikc]y.
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‘1’l]c dMeIIcc  of  aCCN:tliOII  i]l]plies  tile pulsar  wind  Jvas able to wit}] stand  tlic pressulc  of

lllc  IIe  shw IJIMS o u t f l o w ,  wllicll inlplies T ~ 1 0 0  assulllillg  a lary,c fractioll  of tllc p u l s a r

spill-flowll  c~lergy  goes i]]to its wind  (TAK!M).

4.4 X-ray emission from capturccl  material outsiclc  the pulsm light-cylinder

King &, Colllillsky  (1994) ,  llcrcaftcr I{C94 p r o p o s e d  a I[ldcl  to cxplaill  tile ol)scncxl

apaslrolL  X-rays as l)cillg due  to tlie  rclcasc o f  g r a v i t a t i o n a l  potc.lltial  e])ergy  d gaseous

JIlatfcrial  fdllil)g  to a bou]lddry  radius, defil]ed to h tlIe locatioIl  at wllicll the pulsar  ]I]agIletic

pressure lmlaIIces  t,lle raIIl pressure of l,llc infdlillg  gas. III tlllis  I11o(1c1, tllc  bouIIdary  r ad ius ,

ulllikc  l,llc c.arlollicdl  IIlag]lc:tlos]}llcric.  r a d i u s , is  locattxl  o u t s i d e  d {Illc  liglli-cylilldc:r.  ‘1’lle

lilot  i vat,io]l  for sudt a sccv)ario cwlle frolll tl)c fidct tllall at apastroll, hot]) radio  pulsatlio]ls

aIld X-ray  mllissioIl  w e r e  detdjed.

‘1’llis  IIIodcl  lIas di[iiculty  accoulltillg  fo r  tj]le %raj~  olxmvdiol)s  rcportd l)erc.  l~irst, it
(10(%  llotj Mmulltl  fol” tllc?  pulsar wiIld ]) ICSSUIC, observtxl  to bc ill L]) OrllaIIt  i]] lIu IIlmwus  otl Iu

radio pulsar  syst,m]ls  (c!. g. I{c II]lcI k, Coronit,i 1984; J(u Ilwmi k, llcskr 19S8; COrdu, Rorlla]li

&? IJul)dgrell 1 993; lid],  IIailes & lkssell  1 993).  ‘1’lIc: wind  pressure, ds discussed above, would

ot,llcrwise  keep  IIldcrial  frol]l approaching  tile pulsar. Scwolld,  cvc!]~ at apastroll,  KCM found

a lwu IIdary  radius  very close (witllill  a Pdcto]  of two)  to {Jl)c  l i~l l tJ--cylindcr 9; at pcriasllron

w]lcrc! tile lIc star willd dc]lsit)y  is at l e a s t  t]lrec OMICM of J))aglliiru(lc  larger,  ii, is dif~icult
to  SCCJ }Iow  IIla,tf,Crj  if i t ,  could  ovc:rc,oIIIe  t,lIc pulsa,l  wiIl(l p r e s s u r e , Woul(]  n o t  pel K!hte  t,lle

Iiglltj  c.ylilldcr m)(l resul t  ill standard  accrel)ioll, already  discussed ill ~4.3 above.  Also, KC94

l[!qlli!’d  t,]le l]c star t o  ]lave aIl  outftow velocity  iIl t]lc a])ast,ron  rc!gioIl that was  II IUC}I  sIIIdleI’

wit])  tlIosc dckvllliI1d  f o r  otlIm”  IIc stars I)y ilidcpc:lltlellt  lllcans  (Wikm el al. 1988); to

cxplai]l  t,llc pc:riast,rol]  X - r a y sj t}l]c ou t f low i)l tlllc! periastrwl rep,io]l wou ld  IIavc to be llluch

fdster  tllall  at apastroll,  wllicll would also be at odds  wit]l tllc lcsulis of Waters c1 [11. (1 988).

W C COIICIU(IC this ]Ilodcl is MI ulllikely  c!xplarlatioli  fol t,lie ol)scrv[(l  X-rays.

4 . 5  S h o c k  Rmission

‘1’l]c di(lic.ult}ics  cwlol]ical  accrdio]l  and  g rav i t a t iona l  capture  ]]lodds  llavc  explainillg

t i l e  c.llaractc:listjic.s  of t,lle X-ray elIlissioll  frolll tile 1’S1{. 111 259–63  s~~ste]]i  s u g g e s t  tlllatl  all

9\$’c Iiollc  tlllatl  I(C94 used a di]wlar ll)afylctic  fidd outside  ilIe light-cylildcr  iII tllcir pressure balalicc cal-

culatjio]).  lJsi))g trltr corrcd 1 /r fid(l (Icpcndcncc  (low IIOtl  charlgc  this rcsull  lIIuch  for their illl)ut pa.rulctcrs.
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2dt,mIIat}iVC’  ]I]ccl]allisIl] of cll]issioI] is at w o r k . A  natural  ca.lldidatc  for tile  origin  o f  t,l)c

u]lpulscd  X-rays of ]]loderatc  ]un]iuosity  and l o w  pllotoclcc.tric.  alworpticm  reported  in this

paper is J)]agllc:t,olly(lrocl  y~lalllic sllock-powerwl  radiatiou. S! IOC1{  acceleration of tlIc:  Crd)

pulsar  pairs accoul]ts  W C1l for I]la.]Ly of tllc spectral  and  l~lorpllological  propdics  of tltc l]igh-

cllergy  m]lission  frolll tllc Crab IIcl)ula  (J< CIIIIC1 & (.;orwliti  1984; Ca.llaIIt  A, Arms 1994) .  ‘1’IIc

relat ivist ic  reverse sl)oc.k forllld  ill tltc pulsar’s willd jmst interior to tl)c houIJdm-y bdwccn

t]lc dccc]cral,cd  pulsar wind  aIJ(] the IIe star wi~]d is L])[I  likely  site of aIIa]ogous  S] IOC]{ pzwtic]c

accc!lcrdioIl  ilt  tlJc  l)Sli.  111259-63  systcm].

As discussed by ‘11A](94, tl)crc arc two ijlllmrtzult  J diative  coolirlg Jlldiarlisrlls  t]lat, m]!

l)c cf[ec.tivc ill tllc  l)S1{ 1J1259–63  systcm. OJIe i s  S~IICltIWtJOII  cooli))g  of tlIc  pairs  iIl Lllc

pulml’  I)lagllctic  f i e ld ,  wliic}i  bC!COHIUS  IJ1OI’C! cfficiellt  as t]JC S} JOC]i  a])})J’OdlCS tllc p u l s a r ,  ‘1’11(:

otltci i s  iljvcrsc:  ColIIptoII  smtkJiJ]g ill tllc backgrou]l(l  optical  plIoloIls  frol J] tl}lc r a d i a t i n g

]>] IO!OS]})ICIT  of t,]lC! ]]C  StJdl’,  W]liC]l  bCCOIJICS  I I101 ’C  CfliCiCll~  as t]l~ S]lOCk  dpplwac~lcs  t]lC ])C StN.

llowwvu,  if tlIe shock aux:leratioll  tJiIIle is snort  coIIlpiII cd to ra(liativc  cooli][g t,in)c scales, tllc

[low ill aIId just l)c~llilld  tlllc  shock  is ]Io]]rzdiativc , and  shock acc.1:1(.\latiol)  is al)lc to acllicvc  a

pair powc]-la.w Spccllru]]l. ‘1’]lus, tllc radiative propcrticx  of tile relativistic. elcc.tlroll/llositroll

pairs ill tlllc pulsar  wiljd  dcpeIId  0 1 1  t,}le extcIIt to whic}l tile slIock  acmlcraticul  nldlarlisrIl  i s

cfrectivc,  wllicll ijl t)ur]l  depc]lds CJI1 tllc locatlio]l  of tllc shock. 111 llllc 1’S1/ 1]1 X59---63 s,ysttm],

tlIc  sim  of tllc pulsar  cavity, lICIICC tllc  distance of t]if s]tock frOIII !lIC surface of tlIc! J3c star,

dcpmlds  011 t]ic wijld properties. l~or a raJlgc of wi]]d paJaJJlcicrs  iIl  tlIC l)S1{ 1 ) 1 2 5 { ) – 6 3
syst,cl~l  corr~wpol](lillg to a sI1oc1{ located  at iIlt,erllldiate  distwlccs, ‘1’/11{94 Sllowc(l  illd tllc
s])ock accc]c’ratioll  tiljlc!  sca]c  i s  s~lortel’  t}lml  t]Ic! UJo]illg  tilll~  s(’al(:s. IImlc.c,  ill tl]is rcgi I]lc,

a ]Io]l-tlllcrl]lal  spccl,rurll  is cxpcctcxl,  aII(l w i l l  cxtcl Id fro]]] ~-ra~r m]crgics  to WI -1 (1 McV

for aII upstrmIIl  f low I,orwltx  fd,or of tjllc  pu l sa r ’ s  ]viI]d ~ w 1 W;, sijllilar  to tl}lat, foull(l  ill
<.

II Iodcls of t,llc Iupw Isc o f  tllc Cd) Nebulii k) tllc will(l  fro~~l  i t s  ]) UISM.+’

‘1’]Ic* ll(M-trllCllJld  IIat,LIIC  o f  t,]lc  ASG”A s])cctrm]l ,  as CL)~J’(J~)Ol”at,C(l  b y  t}llc 0,$,s1; (lclA!c.-

tlioll ((.:rovc  cf al. 1 9 9 5 ) ,  (1OCY5  Ilotl  agrc:e w i t h  {111( quasi-  tllerl)  Ial spectrulll  Cxpmtl(!(l  for

T: 10 for stro]]g  ilivcrsc: (.~ompto)l  c.ooli]lp;  for a slIock rddius CIOSC to tile  surf  we of tflIC

lk s t a r ,  assullliIlg  illc  fractioIl  of  tlIc  p u l s a r  spi)l-dowll  mlcrgy  tlIat goes into a wiud  is of

or(lcr  ullit,y. Our results  favor a SIIOC1{ radius  at, ajI iIltcrI]lcdia.  tFc distal]ce l)et)wmrl tlic  1 lc star

aJId l)S1{ 111 2 5 9 — 6 3 ,  wi(,ll  T ~ 10, and a slld acceleration  t)il]lc  scale  less tll.?ul  or compa-

rab]c wit]l l,})c syllc}lro{,ro]l  tilllc!  sdc!  IJCXW periastroll  ( c a s e  A  o f  !,]lc llon-l])crJJJa] “cwIIipact”

I)cbula,r mjlissio~i  of ‘1’AKM).  ‘1’l)c obse rved  {’fJicienc,v  of co]]vc]siol] of spi I1-dowll  pulsa,r CIL-

C’J’g,y iIlh}  X-l-dy  CIIli SSi OIJ i l l  t,)l C A,$[;A  hl(l  at, pC1’iaShIl  iS 112./l;;  N f),~(d/~ ](PC. )%, aIld

approxilj]atdy  twice t,llis value at tllc  prc!-  and posi-periastroll  c’poc~Is.  ‘I’l Ie va r i ab i l i t y  o f

tllc  X-ray clIlissioll and spcctrulll  of tllc 1’S1{ 11125{)–63  systmn llcar  periastron  cwi bc due

to all i]]crcasc  of sy]lc.llrot,roll  cooli]lg  IIear periastr(JIl  wit,}) collscqum]t  Illo(lificat,ioIl of tl]c
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‘)’’” ‘:CI:93 :;:9 ~, “: ~: ‘- ‘S’]i(’
(1012 011)

—
..( ., t 16 :16

Jiul. 10;];;); 4~362.2  7° 10 24

Jail. 26, 1994 49378 .5 89° 18 44—.—

‘])d)]C  ~: fjUIIIIIl?WJr  of ]’s]{, 1 1 1 2 5 9 - - 6 3  S@C1ll gCO1lletl  ~ Ileal’ A,$~~A Ol)SC?l’VatiO1lS.  ‘]’]IC trUC

atlolllaly  # i s  0 °  at pc!riastlroll. ‘1’}1(:  S(!pwdiml  I)d!w(ml tilt: pulsar  mld 11(: St’ar ccntm, s, !Va’s

dcduccxl assulllillg  Af(, =-l O 14&)aIId  A41, =I.4 A4C), aIId 1{,. is tlIc  IIe sla I radius,  assu]]ld  to be

M,ll) (.:011111 ibtes (ds S -l)

Slso Slsl (IIS2  (:1s3

49349.i  o.TlmF4!x--T437  0.499 ‘“
49362.2  0 .335  0 .271  0.230 0.283
4 9 3 7 8 . 5  0..576  0.433 0.427 0.493
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——..
Mtll) All 1 Phot’ol]  111(1CX 1-10 kcV ]“]LIX I“C lhlissioll  r,ine  l’lux

(l(PZ c,,,-~) ( l o - ”  erg CI11-2  s -] )  (lo-~ phokms  c m -2  S-l
—— .—.

49349,0 0.56(2) I .71(4) “-—”--–--iii~i 4j–--’--””--  -” < 7.5
49362.2 0.53(3) 1 M(4) 1.50(7) <9.8

4937S.5 0.W(3) 1 .56(4) 3,04(16) <9.7
—— ——. — —.-

‘1’able 4: hfodcl paraIIIctcrs  for AS(7A S1S ol)servations  of 1’S1{, 111~5$)---63  assm]]ing a power

]dW S]} Cdl’Lllll  . NuI~Ihcrs  in l)radc:ts  rcpresult  tlIc 90% conficlc]lcc il)terval  ullcertaintim  ill

tlIc  last  (ligit q uotc(l. ‘1’IIc u]lccrtaintics  quollcxl  arc Stjal istical,  dII(l dO IIOt iIlcludc  zuly cOlltri-

I)utioll  fOr uIlkIIOwIl  systm]atic  calibration  cl’lwrs. ‘1’11(’ last Colul)lll  cwltai]ls 9070 C.OIlfi(]CHIC.C

u p p e r  li]]]its for jlux iIl a 6.4 I<cV w 6.7 I(cV a]lissim] Ii]]c llaviIlg  Yvidll]  10 cV.
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FIGIJRI! CA PrfIONS

l“ig. 1.- SC.l IeIIldic rcpresc  Iltatio Il d“ tlIc 1’S1{ 1]1259-  -63 binary  orl)it  wit]] tlie  lomtio  Ils of

tlIc:  pulsar durillg  all publ ished X-ray dclmtliolls  indicated.  (;}{,194 is Colninsky,  l{olmts &

Jollllstoll  (1994),  G’I’1]95 is Grei]lcr, ‘1’awmi I& IIelloni  (1994), and  tll)c  observations ldcled

ASCA  arc tlIc  subject of t,]lis paper. ‘1’IIc cross iudicalm tlIc  locatioIl  of tlIe ccIItcr  of IIlass

of tllc Systml.

l~ig. 2.- l)S1{ 111259–63  ve loc i ty  cu rve  aIId tile  AS’[;.4 observi]lgj  rpodIs. ‘1’11(:  upper panel

is l,I]c pulsar’s velocity curve as ddcrlIliIled  froI1)  radio l$ill)iI1g  data (Jollllstloll c1 al. 19921)).

‘1’lic rcgioIl  l)ctwrcII  tlIC v e r t i c a l  lines  is cxpaIl(lcd  ill tlIC lower  paIIcl,  ill wliicll tllc cpoclIs  o f

tlIc A ,5’(;A obscrvatiol]s  describc!d  lICI-C arc IIigll-lightul.

l~ig. 3- lIIIage  of tlIc:  G1S2 field of view for tllc  M,]]) 49378 ol)scrvation.  ‘1’llose for tllc  first

two  obsmwd,iolls  arc! sillli]ar.  A  ]ogarit]lmic  scale  was usd for this iIllage,  aIId  pixds are

1 ’ .  NortlI  i s  u p  w]d west i s  to tile  right. ~’lIc:  briglltcr  SOUIU i s 1’S1{ 111259–63 wl}ilc  the

weaker sourcw is a sc:rc!ll(li])ito~lsly  discovered source  u rmsociatd with tile  PS1{ 1)1 259–63

Systfcvl].  ‘1’l]e weak cIllIaIIccIIICIIIt sea] iIl 011 east side of tllc  iIllagc  is duc to tllc  iIllpcrfectly

ITIIIOVCd AS’CA  calil)ratio]l  source. (’1’0 111? Rlwlslt]))
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IJig. 4.- Il]]agc  of t]lc S1S0 field of view for the M,]]) 49378 ol)sc~rv~ticm.  ‘1’IIOSC  for lIIC first

t w o  ol)scmdicnls  arc silllilar. ‘1’llc sign atjurc!  ‘Lcmss-pattmm ,“ typical for a point-  source,  i s

a])] XUX:Ilt,.

l>ig, 6.- A,5’CA S1S spc:ct,ra  at tllc  tllrcc obsmvillg  epoc]ls.

l~ig. 7.- (.10 IItour plots of l,I)c  conf idence  lcvc]s for tll~ fit, values 0[ ATjl a]lfl pllotlol]  illdcx  at

tllc  tllrcc observing  cpoclls. ‘1’]1[: contours  we tile  [i8~l,  90% aIId 99%  collfidel]cc  l eve l s ,  mld

were obtlailld  while  holding tllc  1-10 kcV flux fixed at tl]c  values  givm) ill ‘1’able 4.

1~’ig. 8 . -  ‘1’lIc paraIIIdcr ,$, ddIId  iu ]Iq. 2, versus  trial period [or M,]])  49349 coIIlbiIled

G] S2 alId G1S3 data cwrrectcd  for a varial)le  1 )opplcr  slli  ft usiIl:, ‘I’kj. 1 .  TIIe features in tlIe

plot arc Ilotj  statistically significd]lt.
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